Parasitic development on rye of the ergots of two strains of Claviceps purpurea, only one of which produced alkaloid, was followed during each of two successive summers. Levels of carbohydrate, protein, lipid, nucleic acid, amino acid, phosphate, malate and alkaloid in the tissues were measured. Changes in the levels of these metabolites gave a clear indication of the transition from sphacelial to sclerotial growth form in both strains and the concentrations of the soluble components amongst these metabolites were also found to be sensitive to climatic conditions. These studies suggest that the synthesis of alkaloid was not accompanied or preceded by any significant changes in the pattern of identified metabolites, although the accumulation of an unidentified amino acid was correlated closely with alkaloid synthesis. Comparison of sclerotial metabolism with that of developing rye seeds demonstrated the superior metabolic activity of the parasitic fungus and its ability preferentially to divert host plant nutrients at the expense of adjacent uninfected florets.
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I N T R O D U C T I O N
The biosynthesis of ergot alkaloids of medical importance by Claviceps purpurea in axenic culture has been achieved only with difficulty by a few isolates of the fungus. By contrast, C. purpurea almost invariably synthesizes alkaloids during parasitic growth of the sclerotium in the host plant floret. It has long been recognized that parasitism by C.purpurea involves two distinctive phases of fungal growth. Initial colonization of the host ovary takes the form of a soft white tissue whose principal function is to produce the sphacelial fructification. This sporulating phase is later replaced by a non-sporulating growth form which gives rise to the characteristic ergot sclerotium. The function of the sclerotium is to provide an environmentally-resistant storage organ from which the sexual (perithecial) stage can develop after the sclerotium has over-wintered. To obtain information on the growth and metabolism of the fungus under the conditions in which alkaloid synthesis is most regularly achieved, a series of studies was made throughout the parasitic process on rye under field conditions, comparing a strain which accumulates an above-average amount of alkaloid with one in which no alkaloid is synthesized. These studies were partly repeated in a subsequent year under somewhat different weather conditions.
METHODS
Origin of Claviceps purpurea strains. Two strains were used. Strain 17-3 was first isolated in 1960 from a sclerotium naturally parasitic on Alopecurus rnyosuroides at the National Institute of Agricultural Botany, Cambridge. The fungus regularly produced very long sclerotia on rye and the sclerotia contained an above-average amount of alkaloid, principally the ergotoxine group. Strain I 2-2 was isolated in I 960 from a naturally occurring sclerotium collected from rye at Tarporley, Cheshire. Sclerotia subsequently produced by this isolate on rye were shorter and wider than those of 17-3 and throughout several years of experiment were consistently free from alkaloid. Master cultures of both strains were maintained at 15 "C on an asparagine--sucrose agar (Castagnoli & Mantle, 1966) covered by a layer of liquid paraffin.
Production of inoculuni for hostplants. Cultures were grown on the nutrient agar for 2 weeks at 24 "C and a spore suspension was prepared by dispersing the superficial creamy fructification in distilled water to give a concentration exceeding I x 105 spores/ml. These spore suspensions were used to inoculate glasshouse-grown rye by injection into the floral cavities by means of a hypodermic syringe. Two or three weeks later the honeydew which exuded from the inoculated florets and which contained large numbers of parasitically-produced conidia was washed from the host and diluted with distilled water to give approximately roo ml of spore suspension (> I x 105 sporeslml). This spore suspension provided freshlyprepared inoculum for the plot-grown host plants on which the parasitic development was to be studied.
Growth of host plants. Seed of Svalof's Fourex (Tetraploid) Rye (Swedish Seed Association, Svalof, Sweden) was winter-sown in rows, approx. 2 m long and 0.5 m apart, in open plots at the Chelsea Physic Garden, London. The ears emerged at the end of May and were inoculated early in June.
InocuZation of host plants. Approximately 150 ears at a similar stage of development were inoculated on the same day by injecting a suspension of parasitically produced conidia of strain 12-2 into the floral cavities before anthesis, omitting the proximal four spikelets and the terminal six spikelets of each ear. Another 150 ears were similarly inoculated with strain 17-3. Cross-infection by the ergot strains was prevented by providing ten guard rows of uninoculated rye between those inoculated with each fungal strain. Very little lateral spread of infection occurred within the guard rows.
Sampling procedure. Randomly selected groups of inoculated ears were collected at appropriate intervals during the parasitic development of the ergot fungus. In the earliest samples 15 ears were dissected to remove the small amount of white sphacelial tissue replacing the ovary in each infected floret. Adhering anthers and lodicules were separated from the sphacelial tissues, which were immediately disintegrated in distilled water by using a rotary blade homogenizer (vortex mixer) and freeze-dried to constant weight, giving a product with a water content of approximately I %, w/w. In later samples 8 to 10 ears yielded sufficient fungal tissue and, as an increasing proportion of infected florets contained purple sclerotial tissue associated with the sphacelial fructification, there was a gradual selection in the sampling procedure to exclude any sphacelial tissues which were aborting. The last few samples, provided by five infected ears, consisted solely of typical ergot sclerotia ; their terminal residue, comprising sphacelial tissue and host anthers, was routinely removed before the standard homogenization and freeze-drying. Samples were kept at -20 "C in the dark pending analysis.
Measurement ofgrowth. Growth was assessed in this context by the accumulation of dry weight, but dimensional ineasurements of the developing parasitic tissues were also made. Precise determinations of fungal growth rate were not required in this study and, as environmental conditions were riot constant, a uniform growth rate was not expected. Thus, in each sample fungal growth was expressed as (i) mean total dry weight of parasitic tissue per ear, and, in the second experiment, (ii) mean dry weight of parasitic tissue per floret. Growth of seeds, determined on samples of 20 seeds, was expressed as mean dry weight/seed.
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Extraction of acid-soluble material. Approximately 30 mg of freeze-dried tissue sample was accurately weighed and the acid-soluble components extracted in the cold by successively soaking for I h in 10 ml I M-perchloric acid, 10 ml 0.2 M-perchloric acid and 2 ml distilled water. The resulting supernatant solutions were pooled, neutralized with KOH and the precipitate removed by filtration, and used for amino acid, phosphate and malate assays. Protein and nucleic acid assays were performed on the acid-insoluble residue.
Extraction of soluble carbohydrates. To 10 mg dry weight of each sample was added 2 ml of distilled water. The soluble carbohydrates were extracted by grinding with glass for 15 min. The liquid portion was removed with a Pasteur pipette and the process repeated. The liquid fractions were bulked, centrifuged to clear and made up to 5 ml with water.
Polyols were specifically extracted as follows: samples (10 mg) of tissue were extracted twice in 3 ml ethanol-water (4: I , v/v) for 30 min at 80 "C. The filtrates from each extraction were bulked and reduced to a small, known volume by means of an i.r. lamp and fan.
Extraction of alkali-soluble material. To 100 mg dry weight of each sample in a 50 ml tube was added 2 N-NaOH (10 ml) previously saturated with nitrogen. After addition, nitrogen gas was bubbled through the mixture for 15 min, following which the tubes were tightly stoppered and shaken for 3 h. The NaOH was then neutralized with 1-17 ml of glacial acetic acid and the solid residue removed by filtration. To the supernatant was added 3 vol. of absolute ethanol and the precipitate formed was removed by centrifugation at 20000 g for 30 min. The precipitate was washed twice with ethanol (75 %, v/v) and dried over CaCI, in vacuum.
Extraction and analysis of lipid. Part of the lipid content of fungal tissues was extracted into ether during alkaloid extraction (see below). The lipid was recovered quantitatively and was pooled with that obtained from further extraction of the alkaloid-free fungal tissues with chloroform-methanol ( 2 : I , v/v) (Mantle, Morris & Hall, 1969) . Methanol was partitioned from the solvent mixture by addition of water and the lower chloroform layer removed and evaporated to leave an oil which was further treated with light petroleum spirit (b.p. 40 to 60 "C). The supernatant solution of oil in petroleum was decanted to leave any particulate residue, and the solvent evaporated to give a clear oil.
Alkaloid extraction and assay. Accurate quantitative determination of total alkaloid content required the largest quantity of available sample, up to 2-5 g, but earlier samples had to be assayed by extracting smaller amounts of fungal tissue. The method was essentially that described previously (Mantle, 1967) except that (i) care was taken to retain all the lipid extracted during extraction of the fungal tissue and (ii) all extracted tissue was retained for further extraction to remove remaining lipid. Briefly, the alkaloid analysis involved exhaustive extraction of fungal tissue (to which sodium bicarbonate and a little distilled water had been added) with diethyl ether, followed by exhaustive extraction of the ether with aqueous tartaric acid. A portion of the tartaric acid extract, suitably diluted where necessary, was mixed with 2 vol. of van Urk reagent and the blue colour determined colorimetrically with reference to a standard solution of ergotoxine base in which the principal alkaloid was ergocornine. Qualitative assessment of the identity and relative proportions of the alkaloids comprising the total alkaloid spectrum of the fungal tissues was made using the remaining tartaric acid extract. The pH value was adjusted to 8.5 with NH,OH and the alkaloids extracted into chloroform. Chromatography of the chloroform extract on thin layer plates (Thomas, 1970) . Phosphates were assayed by the method of Wahler & Wollenberger (1958) and orthophosphates were liberated from ' labile' phosphates by boiling in I M-HC~ for 7 min (Lindberg & Ernster, 1956 ). Protein was determined by the method of Lowry, Rosebrough, Farr & Randall (1951) . Nucleic acids were extracted from the acid-insoluble residue (see above) derived from fungal tissue by heating twice in 2 ml volumes of 0.5 M-perchloric acid for 15 min at 80 "C. RNA was assayed by the orcinol method (Campbell & Sargent, 1967) and DNA by the diphenylamine method (Burton, 1956 ). Owing to the large carbohydrate content it was not possible to apply the latter procedure to rye seed tissues; DNA was, therefore, assayed by a modification of the fluorometric method of Kissane Chromatography of carbohydrates. The methods used were essentially those described by Buck et al. (1968) . In addition polyols were separated on paper by means of ethyl methyl ketone + glacial acetic acid + water saturated with boric acid (9 : I : I, by vol.); the polyols were detected by using silver nitrate and sodium hydroxide (Trevelyan, Procter & Harrison, 1950 ) after the borate complexes had been decomposed with 40 % HF/acetone (I : 16, v/v).
For some estimations (see below) the silver nitrate treatment was omitted from duplicate chromatograms. Isolated sugars and polyols were eluted from the paper with distilled water and taken to dryness using an i.r. lamp and fan. Borate complexes were decomposed by addition of 2 ml methanol/water (9: I, v/v) containing sufficient acetic acid to bring the pH to 5-5, and the mixture taken to dryness as before. The last process was repeated five times more to decompose the borate complexes and remove the borate as its methyl ester.
Estimation of individual polyols was carried out by g.1.c. on a Pye 104 apparatus with a 3 : d SE 52 column set at 170 "C (for polyols and monosaccharides) and 210 "C (for disaccharides). Silyl derivatives of the carbohydrates were prepared as follows : the extracts and samples were mixed with dry pyridine (10 mg/ml) and heated in a water-bath at 60 "C; hexamethyldisilazane (0.2 ml) was added followed by tetramethylchlorosilane (0-I ml)
Parasitic metabolism of C. purpurea (Sweeley, Bentley, Makita & Wells, 1963) . The mixture was shaken well and heated for a further 5 min. The precipitate formed was removed by centrifugation at 50 ooo g and the supernatant made up to 5 ml with pyridine. Samples of I to 5 pl were taken for injection.
R E S U L T S
Two experiments were done, in which the parameters recorded differed slightly; to avoid confusion, the experiments are described separately.
Experiment I (1969)
Growth and morphology. The progress of development of the sclerotia of the two strains investigated is summarized in Figs. I and 2. First visual indication that the ovaries were infected was observed 7 days after inoculation, at which time the ovaries bore a thin covering of white fungal mycelium impregnated with the viscous exudate called 'honeydew'. By the 10th day, the sphacelial mycelium was sporing freely and honeydew was exuding from the florets. On the 13th day, patches of pink tissue were seen on the surface of the sphacelial growths of strain 12-2. Pigmented tissue was found in strain 17-3 only after 16 days, and was confined to the proximal end of the sphacelium. Dry weight accumulation (Figs. I and 2) was more rapid in strain 12-2, but in both strains the subsequent elongation of the ergot was apparently achieved by proliferation of new sclerotial tissue at the proximal end only.
On: Fri, 28 Dec 2018 18:11:08 Lipid. The initial appearance of pigmented sclerotial tissue coincided with an increase in lipid due to the deposition of a new triglyceride oil of which ricinoleic acid was the principal component. Increase in the proportion of ricinoleate (OH-I 8 : I , Table I ) was accompanied by a fall in the amount of'linoleate (I 8 : 2). However, there was a lag of approximately 5 days after the first signs of sclerotial tissue before alkaloid was detected in the developing ergots of strain 17-3. Protein and nucleic acids. Protein and nucleic acid composition of the mature ergot was similar in each strain (Figs. 3 and 4) . The higher initial protein content of the tissue from strain 12-2 may be ascribed to the greater mass of sphacelial tissue, of low lipid content, proliferated in the early stages of development. Comparison of Figs. 3 and 4 (days 7 to 20, 12-2; days 7 to 27,17-3) shows that the fall in nucleic acid concentration that occurred at the onset of differentiation of sclerotial cells, and which was maintained during their subsequent accumulation, was the result of the total content of nucleic acid in the hyphae remaining approximately constant. The lag in differentiation in strain 17-3 was again apparent since there was a delay in reaching the minimal RNA concentration.
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Carbohydrate. The total carbohydrate content of the mature ergot was similar in each strain (Figs. 3 and 4) . Whilst the total carbohydrate of the tissues remained fairly constant during the period of ergot development studied, the alkali-soluble fraction fell from 200 to 50 ,ug/mg dry wt in strain 17-3 and from 160 to 70 pg/mg in strain 12-2. This change was reflected in glucan which fell from 20 to 9 pg/mg dry wt in strain 17-3 and from I 6 to 6 ,ug/mg in strain 12-2. Changes in ethanol-soluble sugars coincided with the changes in the alkalisoluble material (Figs. 3 and 4) .
Phosphate. The increase in total phosphate observed during the sphacelial stage of strain 12-2 was mainly accounted for by the increase in labile phosphate up to 10 days; thereafter the tissues rapidly accumulated inorganic phosphate (Fig. 5) . The trend was similar in strain 17-3, though less marked, and the lag period was again evident. The change from sphacelial to sclerotial growth was accompanied by a fall in phosphate concentration; again, this was more marked in the more vigorous strain (12-2). Further development of the ergots naturally increased the proportion of mature tissue with low metabolic activity, and a decreasing content of labile phosphate in the whole sclerotium was thus to be expected. Apparently, maturation of the ergot was not accompanied by a fall in total phosphate. The trend observed above was interrupted by a surge in metabolic activity shortly after day 27. We consider this to have been caused by heavy rain fall following a period of drought (Figs. I and 2) . Following the surge there was an increase in the uptake of inorganic phosphate coupled with a temporary increase in the levels of soluble sugars and all free amino acids in the sclerotium. The flux was more pronounced in strain 12-2.
Alkaloids and free amino acids. No alkaloid was detected at any stage during the development of strain 12-2. Alkaloid was first detected in strain 17-3 on day 27, after sclerotial growth was well established, and by day 34 it had reached its maximum concentration. Ergotoxine was the principal component of the alkaloid spectrum. Minor components were ergotamine and chanoclavine, and traces of ergotaminine and ergotinine were also detected. The relative proportions of constituent alkaloids remained similar throughout the process of sclerotial development. The increase in concentration of the alkaloid (Fig. 6 ) coincided with that of the unidentified amino acid A but was not correlated with any of the substantial changes in the concentration of the other amino acids ( Table 2) .
Experiment 2 (1970)
The development of the same two strains of ergot was re-assessed in the' following year. A comparison was made between the development of normal seeds and those occurring in infected ears, with special reference to protein, amino acids and soluble sugars.
Growth and morphology. The progress of development of both types of ergot was essentially similar to that observed in the previous year, but dry weight accumulation showed that growth had been rather more rapid (Figs. 7 and 8) . The mean dry weight of ergot sclerotia of strain 12-2 exceeded that of normal seeds; seeds which developed in infected ears were less than half the normal weight. By contrast, sclerotia of strain 17-3 were lighter than normal seeds, and consequently the weight of seeds in infected ears was relatively higher (70 % of normal). However, the similarity of all seeds with respect to composition and moisture content indicated that they matured at the same rate. Protein and nucleic acid. A fall in the concentration of fungal protein was again observed (Fig. 9) but the protein content of sclerotial tissue was twice that of normal seeds. Seed protein stayed approximately constant throughout development even in the smaller seeds which developed in infected ears. The distinctive difference between the nucleic acid content of sphacelial and sclerotial tissues was again evident ( Table 3) . The DNA concentration in seeds was slightly greater than in ergot sclerotia but the RNA concentration was only about 5 % of the ergot RNA; this was to be expected since most of the RNA in seeds is associated with the embryo. As the RNA content did not continue to fall after day 25 during the period when starch was being synthesized, growth of the RNA-rich embryo must have been taking place at this stage. In all cases, the DNA content of seeds from infected ears was lower than that in the uninfected. Using dry weight as an indication of development (Fig. IO) , the lower RNA content of seeds (i.e. embryos) in infected ears suggests that they Other minor components, i.e. at concentrations less than that of glycerol, include : trehalose, pentoses and tetroses, other polyols, and sugar phosphates. are retarded with respect to normal seeds, viz. the levels of RNA in normal seeds between 21 and 30 days corresponded well with those obtained for days 32 to 44 for seeds adjacent to 17-3 ergots. If this indicates a delay in embryo development then the results obtained for the 12-2 series suggest that these dwarf seeds were even more acutely retarded (Table 3) .
Carbohydrate. Soluble sugars fell during development from 5 to 6 % to I % (w/w) in the tissues of strain 12-2 and from 20 % to I % (w/w) in strain 17-3. The principal components of the fraction are shown in Table 4 . The high levels of fructose and fructosans, particularly in the tissues of strain 17-3, may be ascribed partly to honeydew adhering to these smaller sphacelia ; similar considerations also apply to glucose. Rapid conversion of glucose, derived from host sucrose, to polyol has been demonstrated both in culture and in parasitic tissue (unpublished) ; therefore the high levels of polyol which correspond with the fructose in the early stages of development are to be expected.
Total carbohydrate concentration of the small seeds from ears infected with strain 12-2 did not differ significantly from normal (about 60 %, w/w). Soluble carbohydrate in all seeds was composed largely of free and combined fructose and glucose; during development this concentration fell from approximately I % to 0.25 % (w/w). Polyols were absent from seeds.
Phosphate. There were similarities in the pattern of phosphate assimilation between the two years. Labile phosphate tended to accumulate after a surge in inorganic phosphate (Fig. 11) .
Alkaloids and free amino acids. The alkaloid concentration increased rapidly in sclerotial tissue of strain 17-3 (Fig. 7) to a value similar to that found in 1969. The constituent alkaloids were also similar to those described for Expt I . Since these ergots matured earlier the appearance of alkaloid was also earlier. As in the previous year (Fig. 6) , the accumulation of the unidentified amino acid A closely followed that of alkaloid and, as expected, strain 12-2 failed to yield either alkaloid or a significant amount of amino acid A. Levels of free amino acid in the ergot sclerotia (Table 5 ) were generally similar to those found in Expt I ( Table 2) ; improvements in autoanalysis enabled the basic amino acids to be resolved. Levels of these Time after inoculation (days) ... The concentration of free amino acid in the seeds fell from 3 % (w/w) of freeze-dried tissue to less than 0.5 % at maturity (Fig. 12) . However, the proportion of alanine in the free amino acid fraction rose from 2 :L at day I I to a maximum of about 25 % between days 20 and 40, falling to about 2 % at day 44 (Fig. 13) ; also, the concentration of glutamine fell from 35 % in ovaries a few days after fertilization and subsequently fluctuated around 25 %. The Time after inoculation (days) ... concentrations of free amino acids in seeds from infected ears were substantially the same as the controls (Fig. 12) even though the seeds from strain 12-2 infected ears were dwarfs Fig. I 0) . However, the amino acid composition (Table 6 ) showed considerable differences and this was assumed to be due to the levels of alanine in infected ears being depressed by more than half until day 35. At this stage the alanine concentration started to rise and reached normal proportions in seeds from 17-3 infected ears (Fig. 13) .
Malate. An indication of metabolic activity was also obtained by comparing the malate concentration of fungal and seed tissue (Fig. 9) . There was a very marked fall in the malate content of both strains, particularly 12-2, which reached a minimal level after 30 days. This is attributed firstly, to the transition from sphacelial to sclerotial growth and secondly, to changes in the proportion of metabolically active and quiescent tissue. Levels of malate in developing seeds were much lower than that of young sclerotia and did not fluctuate widely.
DISCUSSION
Colonization of the ovary by sphacelial hyphae was complete within about one week after infection by Claviceps purpurea. There followed several days of disorganized proliferation of sphacelial mycelium upon which the asexual fructifications (conidia) were borne. Differentiation of sphacelial hyphae into sclerotial hyphae occurred at about two weeks either randomly (12-2) or principally at the proximal end (17-3) of the sphacelium and during the following week sphacelial proliferation was phased out in favour of sclerotial growth.
The fall in the RNA content of the tissues and in the pool sizes of both malate and polyol during the three weeks after inoculation with the pathogen was more rapid than might be accounted for by accumulation of metabolically quiescent tissue. The fall was clearly associated with the transition from sphacelial to sclerotial growth and reflected the marked difference in the inherent metabolic rates of these two distinctive types of tissue. Recent respiration studies (unpublished) confirm this conclusion.
The present studies have also shown that the differences between the oils of sphacelial and sclerotial tissues of C. purpurea, formerly demonstrated in axenic culture (Mantle, Morris & Hall, 1969) , apply also to parasitic tissues. Thus purple pigmentation and the estolide triglyceride were the first indicators of the existence of sclerotial tissue.
Growth of the ergot fungus proceeded by the proximal addition of new sclerotial tissue and there was no evidence that this occurred via a transitory sphacelial phase. From the three to four week stage until ergot maturity, the sclerotial tissue content (on a weight basis) of protein, carbohydrate, lipid, nucleic acid and alkaloid did not change. This suggests that during the sclerotial phase of growth the proliferated cells had a constant composition, thereby producing an ergot which was homogeneous throughout its long axis. The rate of sclerotial growth is presumed to be governed by the availability of nutrient supply from the host plant. Growth of the parasite ultimately ceased when the host became senescent.
Whereas alkaloid synthesis in strain 17-3 was restricted to tissues which on account of their morphology, pigmentation and lipid composition were regarded as sclerotial, synthesis of alkaloid did not give rise to any differences in the metabolic parameters measured that could distinguish strain 1'7-3 from strain 12-2 except with regard to the coincident accumulation of the unidentified amino acid A. However, it is not yet clear whether this substance, the structure of which is being determined, is involved in the control of alkaloid synthesis.
Fluctuations in the total composition and relative proportions of free amino acids during sclerotial development largely reflected changes in free sugars which in turn were influenced by prevailing climatic conditions. The total amino acid composition showed that sphacelial Parasitic metabolism of C. purpurea 57 tissues of strains 12-2 and 17-3 contained respectively 3-6 and 2-2 % (w/w), changing at sclerotial maturity to about I %. (The unidentified amino acid A of strain 17-3 is omitted from these calculations). However, although the abundance of alanine in sphacelial tissues was a constant feature of both strains, thereafter it was not possible to correlate the concentrations of those amino acids which are components of the cyclic tripeptide alkaloids with the presence or absence of alkaloid synthesis. The level of the major polyols (glycerol, arabinitol and mannitol) in the soluble fraction of sphacelial tissue fell from 42 mgfg in strain 12-2 and 55 mgfg in strain 17-3 to 7.5 and 3.8 respectively in the mature sclerotia. These latter values confirm the observations of Cooke & Mitchell (I 970) regarding air-dry ergots from Phalaris sp. The high levels of fructose and fructosan, particularly in the soluble fraction of strain 17-3, can be contrasted with the relatively low levels of glucose. This may be explained by the conversion of sucrose to oligosaccharides and the concomitant assimilation of the glucose (Dickerson, I 972). The sharp fall in the fructosan level between 16 and 21 days in both strains suggests that it is at this stage that the enzyme metabolizing fructose are induced in the developing sclerotium.
During parasitic development the major metabolic changes are thus associated with the transition from sphacelial to sclerotial growth. Although ergot alkaloids are probably the most economically important feature of C. purpurea, the metabolic parameters which have been measured in the present studies do not indicate that alkaloid synthesis (or nonsynthesis, where synthesis is the norm) by parasitic sclerotial tissues is preceded or accompanied by any gross alterations in metabolism. As ergot sclerotia can synthesize more dry matter than rye seeds, particularly with regard to protein and lipid, the fungus clearly exhibits not only a superior metabolic activity but also the ability preferentially to divert host plant nutrients at the expense of adjacent seeds.
